OBJECTIVE -Efficient detection of impaired glucose tolerance (IGT) is needed to implement type 2 diabetes prevention interventions. RESULTS -Among FOS, SAHS, and MCDS subjects, 24 -43% had MetS and 15-23% had IGT (including 2-5% with 2hPG Ն11.1 mmol/l). Among those with MetS, OR for IGT were 3-4, PPV were 0.24 -0.41, NPV were 0.84 -0.91, and PAR% were 30 -40%. Among subjects with MetS defined by impaired fasting glucose (IFG) and any two other traits, OR for IGT were 9 -24, PPV were 0.62-0.89, NPV were 0.78 -0.87, and PAR% were 3-12%. Among IRAS subjects, 24 -34% had MetS and 37-41% had IGT. Among those with MetS, ORs for IGT were 3-6, PPVs were 0.57-0.73, and NPVs were 0.67-0.72. In logistic regression models, IFG, large waist, and high triglycerides were independently associated with IGT (AROC 0.71-0.83) in all study populations.
T he prevalence of type 2 diabetes is rapidly growing worldwide, with rates expected to increase Ͼ165% by 2050 in the U.S. alone (1) . Diabetes and its complications cause substantial loss in length and quality of life and incur Ͼ$132 billion annually in U.S. health care expenditures (2) . There are few conditions with a more pernicious effect than diabetes on patient health and health care budgets.
Fortunately, there is good experimental evidence that type 2 diabetes can be prevented or delayed. Lifestyle modification with diet and exercise, or use of metformin or acarbose, can reduce risk of type 2 diabetes in individuals with impaired glucose tolerance (IGT) by 30 -70% with ϳ7-14 affected people needing treatment for ϳ3 years to prevent one case of diabetes (3) (4) (5) (6) . Given that ϳ12 million U.S. adults may be eligible for these proven diabetes prevention interventions (7) and that they are effective, relatively safe, and feasible clinical and public health strategies, their broad implementation is now an urgent priority.
An important impediment to wider translation of evidence-based diabetes prevention is the apparent need to identify people with IGT. IGT is defined using an oral glucose tolerance test (OGTT) as a plasma glucose level of 7.8 -11.0 mmol/l level 2 h after oral glucose challenge (2hPG) in individuals with nondiabetic fasting plasma glucose levels (Ͻ7.0 mmol/l) (8) . Although fasting plasma glucose (FPG) in the "impaired" (IFG) range (6.1-6.9 mmol/l) is also a risk factor for type 2 diabetes, in many studies, IGT has been a stronger risk factor for diabetes than IFG (9 -12) . Approximately 30 -60% of subjects with IGT have normal fasting glucose levels, so fasting testing alone does not detect many subjects at risk for diabetes on the basis of hyperglycemia (11, 13, 14) . Because IGT was the glycemic entry criteria for recent diabetes prevention trials, an OGTT appears to be required for evidence-based identification of eligible subjects. In the U.S., the OGTT is considered to entail enough discomfort, inconvenience, and expense that the test is not encouraged for use in usual clinical practice (15) . Efficient means to identify subjects most likely to have IGT on OGTT are needed to maximize implementation of evidence-based type 2 diabetes prevention interventions.
IGT and type 2 diabetes are closely associated with cardiovascular disease and may originate from a common physiological antecedent, the "insulin resistance" or "metabolic" syndrome (16, 17) . Traits of the metabolic syndrome (MetS) (IFG, obesity, dyslipidemia, and hypertension) are readily identifiable in clinical practice and may help to identify subjects eligible for an OGTT. These traits have recently been shown to be excellent predictors of incident type 2 diabetes (18) , but their use to identify prevalent IGT has not been explored. In this report, we analyzed data from four large epidemiological studies (the Framingham Offspring, San Antonio Heart, Mexico City Diabetes, and Insulin Resistance Atherosclerosis Studies) to identify a population subset with a high probability of IGT based on IFG and nonglycemic traits of the MetS.
RESEARCH DESIGN AND METHODS

Source datasets
The Framingham Offspring Study (FOS) and the other datasets have been described previously and will be presented only briefly here. The FOS is a population-based observational study of risk factors for cardiovascular diseases. Participants are the children and spouses of the children of the original Framingham Heart Study cohort and are of mixed European Caucasian race/ethnicity (19, 20) . The Institutional Review Board of Boston University approved the study protocol, and all subjects gave informed consent at each examination. Data were taken from the fifth examination cycle (January 1991-June 1995) when 3,799 participants fasted overnight, had a standardized medical history, physical, and laboratory examination, and those without diagnosed diabetes had an OGTT. Subjects had diagnosed diabetes if they reported hypoglycemic drug therapy or if the FPG was Ն7.0 mmol/l at any two prior examinations. Height, weight, and waist circumference (at the umbilicus with the subject standing) were measured, and BMI was calculated as kg/m 2 . Two blood pressure measurements were taken after subjects had been seated for at least 5 min; the averaged blood pressure value was used. Plasma glucose was measured in fresh specimens with a hexokinase reagent kit (A-gent glucose test; Abbott, South Pasadena, CA). Glucose assays were run in duplicate; the intra-assay coefficient of variation was Ͻ3%. Levels of fasting plasma triglycerides and HDL cholesterol were measured as previously described (21, 22) .
The San Antonio Heart Study (SAHS) is a population-based observational study of diabetes and cardiovascular disease (23) (24) (25) . The study initially enrolled 3,301 Mexican-American and 1,857 nonHispanic Caucasian men and nonpregnant women in two phases between 1979 and 1988. Participants were 25-64 years of age at enrollment and were randomly selected from low-, middle-, and highincome neighborhoods in San Antonio, Texas. An 8-year follow-up examination was conducted from 1987 to 1996. A total of 3,682 individuals (73.7% of survivors) from the two phases completed the follow-up examination. The Institutional Review Board of the University of Texas Health Science Center at San Antonio approved the study protocol, and all subjects gave informed consent at each examination. Data for the present analysis came from the follow-up examination so as to be contemporaneous with other datasets. Three blood pressure measurements were taken after subjects had been seated for at least 5 min; the average of the second two blood pressure values were used, and glucose levels were measured with the glucose oxidase method. Apart from these two differences, the rest of the clinical examination, the definition of diagnosed diabetes, and the laboratory analysis methods were similar to those used in the FOS.
The Mexico City Diabetes Study (MCDS) is a population-based study of type 2 diabetes in six low-income "colonias" in Mexico City (26) . A complete enumeration of the colonias was carried out, and 3,326 study-eligible men and nonpregnant women age 35-64 years were identified. Of these, 2,813 completed a home interview, and 2,282 (68.5%) completed a baseline medical examination during 1990 -1992. The Institutional Review Boards of the Centro de Estudios en Diabetes in Mexico City and the University of Texas Health Science Center at San Antonio approved the study protocol, and all subjects gave informed consent. Data for the present analysis was taken from the baseline examination. The clinical examination and definitions of diagnosed diabetes were identical to those used in the SAHS. Laboratory analyses were conducted in San Antonio in the Division of Clinical Epidemiology laboratory using methods similar to those used in the SAHS (27) .
The Insulin Resistance Atherosclerosis Study (IRAS) is a multicenter, observational study of the relationship between insulin resistance and cardiovascular disease risk factors (28, 29) . Unlike the unselected FOS, SAHS, and MCDS samples, the IRAS sample was selected to give roughly equal numbers of subjects with normal, impaired, and diabetic glucose tolerance in roughly equally sized groups of Caucasian, Mexican-American, and African-American subjects. The study was conducted at four clinical centers. At centers in Oakland and Los Angeles, California, non-Hispanic Caucasian and African-American individuals were recruited from Kaiser Permanente, a nonprofit health maintenance organization. Centers in San Antonio, Texas, and San Luis Valley, Colorado, recruited Caucasian and Mexican-American individuals from two ongoing population-based studies (the SAHS and the San Luis Valley Diabetes Study). A total of 1,625 subjects participated in the baseline IRAS examination during 1992-1994, during which an OGTT was administered. Local institutional review committees approved the IRAS protocol, all participants provided written informed consent, and the clinical and laboratory examinations were conducted using methods similar to those used in the SAHS and MCDS.
Definitions of outcome and exposure variables
The overall goal of this analysis was to identify prevalent IGT in a population setting using a typical clinical examination Detecting IGT with metabolic syndrome and a fasting blood test. With this approach, people with FPG levels diagnostic of diabetes would be detected and removed from consideration for an OGTT. However, the sample would still contain a small percentage with nondiabetic FPG levels but diabetic range postchallenge glucose levels who would not be detected without an OGTT, but who would still be included in the cohort identified for preventive interventions. Therefore, for the purposes of this analysis, we defined IGT as all subjects with FPG Ͻ7.0 mmol/l and with 2hPG Ն7.8 mmol/l, including those few with 2hPG Ն11.1 mmol/l.
We used criteria proposed by the Third Report of the National Cholesterol Education Program's Adult Treatment Panel (NCEP ATP III) to classify the MetS and its traits (30) . We considered the following traits alone, in pairs, or in combinations of three: FPG Ն6.1 mmol/l; waist circumference Ͼ102 cm (in men) or Ͼ88 cm (in women); fasting triglycerides Ն1.7 mmol/l; HDL cholesterol Ͻ1.0 mmol/l (in men) or Ͻ1.16 mmol/l (in women); and blood pressure Ն130/85 mmHg (or treatment for hypertension). Subjects with any three traits were considered to have the MetS by ATP III criteria. Additional exposure covariates included age, sex, and race/ethnicity. In subsidiary analyses we also considered the effect of the recently proposed lower threshold for IFG of FPG 5.6 -6.9 mmol/l (31).
Statistical analysis
Analyses were conducting using SAS (SAS Institute, Cary, NC). Subjects with diagnosed diabetes, FPG Ն7.0 mmol/l, age Ͻ30 or Ͼ79 years, or missing covariates were excluded. All analyses were stratified by study and race/ethnicity. We described the prevalence of MetS traits and of IGT, then assessed the probability of IGT (positive predictive value [PPV]) or absence of IGT (negative predictive value [NPV]) associated with traits alone, in pairs, or in combinations of three (the MetS) in which PPV ϭ (the number of subjects with the trait and IGT/the number of subjects with the trait) and NPV ϭ (the number of subjects without the trait and without IGT/the number of subjects without the trait). We used age-and sexadjusted logistic regression models to calculate the odds ratio (OR) for IGT associated with MetS and MetS traits and to calculate areas under the receiver operating characteristic curve (AROCs). The AROC is interpreted as the probability that the modeled trait(s) would correctly discriminate subjects with IGT from those without IGT in which 0.5 is chance discrimination and 1.0 is perfect discrimination.
We also estimated the attributable risk percentage (AR%) for IGT associated with MetS and MetS traits. AR% can be thought of as the excess risk of IGT attributable to MetS or a given trait. We calculated AR% as [relative risk Ϫ 1.0]/relative risk) ϫ 100. For the unselected samples (FOS, SAHS, MCDS) where the true trait prevalence p trait was known, we also estimated the population attributable risk percent (PAR%), interpreted as the proportion of IGT in the total population associated with MetS or its traits, and the proportion that might be eliminated given treatment of the trait(s) to normal levels in
Finally, we estimated the independent risk of IGT associated with MetS traits by simultaneously including all five traits in age-and sex-adjusted multivariate logistic regression models. We constructed study-and race/ethnicitystratified regression models using each study's own data, then compared the equality of ORs and model discrimination and calibration using FOS model results as the reference, as previously described (32) . We compared ORs by comparing risk factor regression coefficients for the FOS and non-FOS cohorts. To compare these coefficients we calculated a test sta-
and where b(F) and b(O) are, respectively, the regression coefficients of the FOS and the other study's model, whereas SE is the standard error of the difference in the coefficients. This is computed as the square root of the sum of the squares of the SEs for the two coefficients. Because the OR of a variable is computed by exponentiating its regression coefficient, the z statistic tests the equality of ORs between FOS and non-FOS cohorts. Using this procedure, we made six statistical comparisons for each risk factor and so defined statistical significance as a two-tailed P value Յ0.008. Discrimination was assessed by calculation of the AROC, first for each study using its own data and then by applying the regression equation generated from FOS data to each set of study data. Calibration, or how closely predicted outcomes agree with actual outcomes, was assessed with a version of the HosmerLemeshow 2 statistic comparing the differences between predicted and actual event rates with values exceeding 20 indicating significant lack of calibration (P Ͻ 0.01) and small values indicating good calibration. We assessed calibration first for each study using its own data, then by applying the regression equation generated from FOS data to each set of study data. We then recalibrated FOS modelbased results for each study by adjusting the intercept for the study's own event rate and risk factor mean values, as previously described (32) . It is important to emphasize that recalibration does not affect OR comparisons or discrimination results.
RESULTS -Subject characteristics stratified by study and race/ethnicity are displayed in Table 1 . A little more than one-half of subjects were women, and the mean age ranged from 46 to 59 years. Of the 9,438 study subjects, 52.4% were Caucasian, 44.5% were Mexican or Mexican American, and 3.1% were African American. In general, Mexican and Mexican-American subjects in the population-based studies had a higher prevalence of adverse metabolic traits than did Caucasian subjects, as observed previously (33) . From 69 to 88% of subjects had a BMI Ն24 kg/m 2 (an entry criteria for the Diabetes Prevention Program) (5), and 23-36% had a BMI Ն30 kg/m 2 , which was the National Institutes of Health-recommended threshold defining medical obesity (34) . From 24 to 43% of the unselected samples and 25 to 34% of the IRAS samples had the ATP III-defined MetS. By design, IRAS participants had a higher prevalence of IGT (37-41%) than did participants in the unselected samples (15-23%). Clinically undetected, diabetic-range postchallenge hyperglycemia was modestly common, affecting 1.7-5.4% of the unselected samples and 6.8 -11.2% of the IRAS sample.
The prevalence of MetS traits and their associations with IGT among FOS, SAHS, and MCDS subjects are displayed in Table 2 and among IRAS subjects in Table 3 . For simplicity of presentation, trait combinations are sorted in descending order of ORs for IGT among FOS Caucasians. The distribution of MetS and its traits varied widely within and across populations. IFG was the least common trait in all study populations, affecting 3-8% of the population-based samples and 16Ϫ26% of the IRAS sample. All other traits affected at least 26% of subjects with low HDL cholesterol, which was the most common trait (up to 92% of Mexicans in the MCDS), except in African-American IRAS participants, where high triglyceride levels were relatively infrequent (15%) and hypertension was most common (61%). Consequently, combinations of two or three traits, including IFG, were also substantially less prevalent than trait combinations without IFG. However, IFG alone or in combination with other traits conferred substantially higher risk of IGT (for instance, ORs 8 -43 in the unselected samples) compared with any trait combination without IFG (ORs 1.2-4) and had reasonable discriminatory capacity (AROC 0.616 -0.805). In all study populations, subjects with IFG alone or in combination were very likely also to have IGT (PPV 0.54 -0.95), whereas subjects without IFG were unlikely to have IGT (NPV 0.61-0.89). IFG alone or with other traits accounted for a large proportion of risk of IGT among subjects in the unselected samples (AR% 69 -83%), but the low prevalence of IFG translated to relatively low PAR% (3-23%). So, for instance, IFG and high triglycerides affected 4% of FOS Caucasian subjects but increased the odds of IGT by 14-fold; 67% of these subjects had IGT, but 88% of those without IFG and high triglycerides did not have IGT. IFG and high triglycerides accounted for 82% of the risk of IGT in affected subjects and 16% of IGT on a population-wide basis.
The MetS is defined by ATP III as the presence of any three of the five traits under consideration. In all populations, MetS by this definition was more prevalent but associated with lower risk, better discriminatory capacity, lower PPV, higher NPV, lower AR%, and higher PAR% than the MetS defined by IFG plus two other traits (Tables 2 and 3) . Interestingly, if the MetS were redefined as any two traits, it became more prevalent, but its ability to detect IGT was not substantially poorer than that of the MetS defined by any three traits. So, for instance, any two traits affected 58% and any three traits affected 29% of SAHS MexicanAmerican subjects, but these were associated with ORs of 3.1 and 3.2 and PPVs of 0.88 and 0.84, respectively.
In multivariable logistic regression models, IFG remained the strongest independent predictor of IGT in all study populations, increasing odds of IGT by 3-to over 12-fold (Table 4) . High triglycerides and a large waist circumference were also consistent, strong, independent risk factors for IGT, increasing odds by 1.5-to ϳ4-fold. In SAHS and IRAS Caucasian subjects, a large waist was a significantly stronger risk factor than in FOS Caucasian subjects, but all other risk factors conferred statistically similar risk in all populations, suggesting that these MetS traits perform similarly in Caucasian, Mexican, and African-American populations to identify IGT. Low levels of HDL cholesterol were not independently associated with risk of IGT in any population, and elevated blood pressure was a risk factor only in FOS Caucasian, SAHS Mexican-American, and MCDS Mexican subjects. These models provided reasonable discrimination of IGT (AROC 0.71-0.83) and statistically acceptable calibration (all 2 statistics Ͻ20). Calibration of the FOSderived model, when applied to the other cohorts' data, was substantially improved with recalibration. Notably, the degree of discrimination from multivariate prediction models in all datasets was not substantially better than that obtained with simple combinations of two or three traits.
The American Diabetes Association recently recommended that the lower threshold for IFG be reduced from 6.1 to 5.6 mmol/l (31), so we examined the effect on IGT prediction of the lower IFG criteria. In all populations, compared with the higher threshold of FPG Ն6.1 mmol/l, the prevalence of IFG Ն5.6 mmol/l was higher, and for "IFG"-based MetS definitions, the PAR% values were higher, ORs and PPVs for IGT were reduced, AROCs were similar or slightly higher, and NPVs were higher (Table 5 ). In the unselected populations, the ATP III MetS using "IFG" as one of three possible traits was slightly more common and associated with a slightly higher PAR% but with similar or only marginally higher ORs, PPVs, AROCs, and NPVs; in IRAS subjects, these increases were somewhat larger. In the sets of multivariate regression models predicting IGT, ORs for IFG Ն5.6 mmol/l were lower than in the sets of models using IFG Ն6.1 mmol/l, but AROCs for the two sets of models were essentially identical (Table 5) ; ORs for the other MetS traits and the calibration statistics also were very similar when comparing the two sets of models (data not shown).
The focus of this analysis was to define a strategy to identify people without clinical diabetes who would fail an OGTT. In our data, the majority of these had IGT as strictly defined by 2hPG 7.8 -11.0 mmol/l, but a few had diabetes on the basis of 2hPG Ն11.1 mmol/l. The ATP III MetS had a similar capacity to identify 2hPG Ն11.1 mmol/l as for 2hPG Ն7.8 mmol/l. In the unselected samples, the ORs were 4.1-6.2, AROCs were 0.77-0.82, PPVs were 5-12%, NPVs were 97-99%, Detecting IGT with metabolic syndrome and PAR%s were 55-77%. In the IRAS subjects, the ORs were 2.0 -5.4, AROCs 0.70 -0.75, PPVs were 14 -21%, and NPVs were 92-96%.
CONCLUSIONS -Clinical interventions effectively prevent or delay type 2 diabetes among individuals with IGT (3-6). Now we need clinical strategies to identify people with IGT to maximize translation of this evidence into practice. Aversion to routine clinical use of the OGTT may need to be replaced by targeted clinical screening of people likely to "fail" the OGTT and thus be eligible for diabetes prevention interventions. In this analysis, we considered use of the MetS to guide screening for IGT. The MetS is a readily recognizable pre-diabetic condition. Recent clinical definitions have raised awareness of the syndrome, although how and why to use the syndrome in clinical practice is somewhat uncertain (35) . In our analysis of Ͼ9,000 participants in four epidemiological studies, the MetS had excellent capacity to identify nondiabetic subjects likely to fail an OGTT. In particular, subjects with the MetS defined by IFG in combination with other traits had a substantially elevated probability of also having IGT. For instance, in our study samples, 61-93% of subjects with IFG, high triglycerides, and/or a large waist circumference failed an OGTT, whereas 62-87% without these traits had normal glucose tolerance. The MetS defined by trait combinations not including IFG were less useful for identifying IGT. Nonspecific combinations of any two or any three traits (the MetS) were more prevalent than the syndrome based on IFG and so accounted for a greater proportion of IGT on a population-wide basis but conferred less risk to an individual than MetS based on IFG.
Using AROC values as a guide to the value of prediction models, our results show that relatively simple trait identification (for instance, diagnosing IFG, high triglycerides, and/or a large waist circumference) had similar discriminatory capacity as more complex regression models including all risk factors, age, and sex. We also found that IFG, high triglycerides, and a large waist circumference were essentially similar predictors of IGT in the Caucasian, Mexican, and African- Table 2 . IRAS subjects were selected for the presence of IGT. *All subjects with IFG, high TG, and large waist had IGT.
American samples. Thus, our analysis demonstrates that clinical identification of the MetS, including IFG in particular, appears to be an excellent method to identify candidates for OGTT and diabetes prevention interventions. It is not surprising that subjects with IFG as one of the MetS traits had a high risk of IGT (36) , despite that in some cases IFG and IGT may represent different pre-diabetic phenotypes (37, 38) . The recent American Diabetes Association proposal to lower the threshold defining IFG to 5.6 mmol/l was intended, in part, to optimize the ability of IFG to predict future diabetes (31) . However, our analysis does not suggest any obvious advantages of the new IFG criteria for detection of IGT. The "new" IFG is more common and so accounts for a greater proportion of IGT in the population, but the lower ORs and PPVs suggest that an individual with IFG of 5.6 -6.9 mmol/l as one of the MetS traits is less likely to fail an OGTT than a person with IFG of 6.1-6.9 mmol/l and the MetS. Regardless of the definition of "impaired," our analysis supports fasting glucose testing as a key step in screening for IGT. However, our data and screening data from the U.S., Canada, and Sweden all demonstrate that use of IFG alone is probably insufficient to accurately detect most cases of IGT (39 -41) . Combining IFG with other risk factors as clinical prediction rules can improve on the yield of IGT detection. In an analysis (the Third National Health and Nutrition Examination Survey), Nelson and Boyko (42) reported that IFG increased risk of IGT by sixfold; overall obesity (a BMI Ն25 kg/ m 2 ), Mexican-American ethnicity, older age, hypertension, and triglyceride levels Ն1.69 mmol/l were also independent risk factors. An 8-point prediction rule based on these variables had discriminatory capacity similar to that in our data for IFG plus hypertriglyceridemia or central obesity (AROC 0.74). Schmidt et al. (43) assessed detection of IFG, IGT, or clinically undetected diabetes in an analysis of Atherosclerosis Risk in Communities Study data. FPG Ն6.1 mmol/l alone detected only 28% of prevalent IFG/IGT in the sample. Lowering the "abnormal" FPG threshold to 5.6 mmol/l detected more (58%) IFG/IGT, but approximately onehalf of "screen-positive" subjects had normal glycemia on OGTT. Adding to FPG Ն5.6 mmol/l, a "high-risk" score based on a clinical detection rule (using age, height, 7.7 Data are OR (95% CI). AROC, area under the receiver operating characteristic curve for the age-, sex-, and metabolic syndrome trait-adjusted logistic regression model predicting IGT, or 2 statistics; *P Ͻ 0.0007; †using the FOS model, with adjustment to the intercept for the study's own event rate and risk factor mean values.
weight, parental history of diabetes, diagnosed hypertension, systolic blood pressure, HDL cholesterol, and triglycerides) increased the detection rate to 58% of prevalent IFG/IGT. Administering an OGTT to this latter sample reduced to 29% the "true-positive" rate of IFG/IGT/ diabetes. In these data, as in our study samples, FPG and fasting triglycerides were the two traits offering greatest predictive ability. Based on these analyses, we conclude that use of a fasting glucose sample plus one or two additional traits of the MetS to screen for IGT may be as useful, and substantially simpler, than using sophisticated clinical prediction rules.
Our analysis was predicated on the idea that an OGTT is needed for evidencebased translation of diabetes prevention trials. However, some authors have argued that individuals at high risk of diabetes are better identified with standard diabetes risk factors and that an OGTT may not be needed. In an analysis of SAHS data, Stern, Williams, and Haffner (18) reported that for prediction of 7.5-year incidence of type 2 diabetes, the AROC for a multivariable model including FPG, systolic blood pressure, HDL cholesterol, BMI, and a family history of diabetes was significantly (P Ͻ 0.001) greater than the AROC for the 2hPG level alone (0.843 vs. 0.775). Adding 2hPG to the prediction model increased the AROC, but only from 0.843 to 0.857. This strategy is consistent with the general concept underlying the MetS that identification of elevated cardiovascular disease risk factors identifies people at elevated risk of type 2 diabetes. Furthermore, the NCEP ATP III recommends that people with adverse levels of metabolic disease risk factors should be prescribed therapeutic lifestyle interventions similar to those used in recent diabetes prevention trials, regardless of their glucose tolerance status. Thus, whether an OGTT is needed to proceed with implementing diabetes prevention strategies is an open question.
An OGTT might not be necessary for everyone with elevated metabolic risk factors, particularly as aggressive lifestyle interventions are already indicated. Indeed, treatment and prevention of obesity alone would have a substantial impact on diabetes risk in the population. Burke et al. (44) recently estimated that preventing development of overweight would result in a 62-74% reduction in the incidence of type 2 diabetes in Mexican Americans and non-Hispanic Caucasians. Preventing the entire population from gaining, on average, 1 BMI unit would result in a reduction in incidence of type 2 diabetes by ϳ13%. In addition, medical therapy of obesity with orlistat has recently been shown to reduce by ϳ50% the risk of type 2 diabetes in obese patients (45) . Although pharmaceutical therapy for medical obesity is readily defensible, therapy with metformin, acarbose, or thiazolidinediones to prevent diabetes in otherwise healthy individuals with IGT is a more complex issue. The risk/benefit ratio for long-term use of these drugs in individuals with subdiabetic glycemic levels is not known. The argument can be made that an OGTT would be indicated to establish IGT before long-term medical therapy of asymptomatic glucose intolerance. In addition, our data show that performing an OGTT will pick up 2-10% additional subjects with otherwise undetectable diabetes who warrant diabetesspecific interventions.
Our analysis has some limitations. We compared risk factor categories across four different studies that used generally similar assessment methods, but some methodological variation could have introduced small differences in risk factor distributions. We based our analysis on only one OGTT, which likely resulted in some misclassification by glucose tolerance status and may have inflated the prevalence of IGT but weakened associations with MetS traits. In clinical practice, however, most patients will likely undergo serial screening and eventually be classified correctly. Also, our outcome was not strictly "IGT," as we included 2hPG Ն11.1 mmol/l in the definition. For abbreviations, see footnote to Table 2 . *OR (95% CI) for IFG predicting IGT in a model including age, sex, IFG, fasting triglycerides, waist circumference, blood pressure, and HDL cholesterol. †AROC using the study's own function.
This slightly increased the prevalence of "IGT" and of PPVs associated with the MetS and identified subjects perhaps beyond need of "diabetes prevention." However, from the practical perspective, we have tried to take in this analysis subjects with postchallenge diabetes who would not be discovered unless they underwent OGTT, and thus identifying them for appropriate intervention is an inseparable part of the rationale behind using the MetS as a strategy to select subjects for OGTT. In any case, use of 2hPG Ն7.8 mmol/l to define IGT did not materially alter the conclusions of the study. Finally, the small number of African-American subjects in the analysis limited the confidence with which inter-race/ethnicity comparisons could be made. In summary, we examined the value of the MetS and its constituent traits to identify subjects likely to have IGT (or undiagnosed diabetic postchallenge hyperglycemia) on subsequent OGTT. The MetS, especially with IFG as one of the diagnostic traits, is an excellent discriminator of subjects likely to fail an OGTT. The ability of IFG in combination with one or two other traits (especially a large waist circumference or a triglyceride level Ն1.7 mmol/l) to detect IGT compares favorably with more complex strategies using regression-based clinical prediction rules. Our data suggest that subjects with the MetS should be considered for an OGTT and for subsequent evidencebased interventions to prevent progression to type 2 diabetes and its devastating and costly long-term complications.
